SUMMARY
M HC-class II antigens play an important role in the recognition of self and nonself (1) . Cells expressing class II antigens are therefore thought to be actively involved in the processes of tissue destruction that occur in autoimmune disease (2, 3) and in graft rejection (4) . In the endocrine pancreas they have been implicated in the immune destruction of pancreatic p-cells leading to type I diabetes in humans (5) or ending the survival of islet allografts in diabetic animals (6) . Normal islet tissue contains only a few cells with detectable class II antigens (7) (8) (9) (10) (11) (12) (13) (14) . In rodent islets, la-antigen expression is restricted to mononuclear interstitial cells that are located adjacent to the capillaries (13, 14) . Several of these cells bear an ultrastructural resemblance to macrophages (13, 14) and probably correspond to the islet cells that present a phago-cyte-specific antigen (15) . Indirect evidence also suggests that some of the la-positive islet cells correspond to dendritic cells (11-13). In view of their possible role in the development and treatment of diabetes, it seems important to further define the la-positive islet cells by their morphologic and functional characteristics. To facilitate such investigation, we have developed a method for the isolation of these cells by fluorescence-activated cell sorting. We report that most of the isolated la-positive islet cells had incorporated granules containing the pancreatic hormones insulin and glucagon.
MATERIALS AND METHODS
Purification of la-positive islet cells. Pancreatic islets were isolated from adult inbred R/A rats (RT1 U ; Proefdierencentrum, Heverlee, Belgium) (16) . Groups of 3000-5000 islets were enzymatically dissociated in a Ca 2+ -free medium, and the dissociated cells were filtered through a Percoll layer of density 1.04 g/ml to remove dead cells and debris (16, 17) . After resuspension in HEPES-buffered Earle's solution (EH), the cells were incubated with a mouse monoclonal antibody against a class II polymorphic determinant, RT1 a+u+l+n( 1:100 ascites, HIS 19; kindly donated by Dr. Rozing, TNO, Rijswijk, The Netherlands; 18); a mouse monoclonal antibody against a class II polymorphic determinant RT1 a+u " c " n+ was used as control. After 60 min at 4°C, the cells were washed and exposed to rhodamine-labeled rat anti-mouse IgG (1:30 Pel Freez, Rogers, AR) for 45 min at 4°C. The cells were washed again and suspended in 6-10 ml EH before isolation of the fluorescently labeled cells in a fluorescence-activated cell sorter (FACS-IV, Becton Dickinson, Sunnyvale, CA). The sorting conditions have been outlined previously (19) ; rhodamine fluorescence was excited by an argon laser (514.5 nm) and recorded at 590-620 nm. Analysis of isolated la-positive islet cells. After isolation, the la-positive islet cells were examined in fluorescence and in electron microscopy after fixation in paraformaldehyde and glutaraldehyde, respectively (16, 19) . The cells were also analyzed after immunofluorescent and immunogold labeling of insulin and glucagon.
FIG. 1. Rat islet cells after doubleimmunofluorescent reaction with rhodamine label for membranous la antigens (A) and fluorescein label for cytoplasmic insulin (8) (x640).
The immunofluorescent reaction was conducted on paraformaldehyde-fixed islet cells that had been attached to polylysine-coated cover glass. Incubations with guinea pig anti-insulin serum (1:100) and with rabbit anti-glucagon serum (1:50) were carried out at 20°C for 45 min (16) . After thorough washing, the cells were further incubated for 30 min at 20°C with fluorescein-labeled goat anti-guinea pig IgG (
The immunogold technique was applied on glutaraldehyde-fixed cells that had been postfixed in osmium tetroxide, embedded in Spurr's resin, and collected as thin sections on nickel grids. After 1 min of treatment with 10% H 2 O 2 and washes in phosphate-buffered saline (PBS), the sections were preincubated for 30 min in PBS containing 0.1% NaN 3 and 5% normal goat serum (20°C). The material was then incubated for 16 h at 20°C with guinea pig anti-insulin serum or with rabbit anti-glucagon serum (both diluted at 1:1000 in PBS/0.1% BSA), washed in PBS, and finally exposed to the corresponding gold-labeled second antibodies for 60 min at 20°C. The goat anti-guinea pig and anti-rabbit globulins were labeled with 5-nm gold particles (Janssen, Beerse, Belgium). When both hormones were to be identified simultaneously, the sections were first carried through the labeling technique for insulin, then treated with IntenSE II silver-staining solution (Janssen) to enlarge the gold particles, and finally exposed to the labeling technique for glucagon without an intensifying reaction. 
RESULTS
When islet cells exposed to a rhodamine label of class II antigens were analyzed for their rhodamine fluorescence, 1 % of the cells exhibited a fluorescence intensity that was 10-fold higher than that in untreated cells. Fluorescenceactivated sorting of the population with high cellular fluorescence yielded preparations wherein 80-90% of the cells presented a distinct membrane fluorescence (Fig. 1/\) . The other 10-20% were diffusely fluorescent and probably corresponded to dead cells. Islet cell preparations treated with the control mouse monoclonal antibody contained no cells with membrane fluorescence and generated, on sorting at the high fluorescence intensity, only a few cells with diffuse fluorescence but none with membrane fluorescence.
An electron-microscopic analysis of the isolated la-positive islet cell preparations indicated the presence of maximally 25% dead or damaged cells and 75-90% mononuclear cells with variable ultrastructural characteristics. The intact cells were either smooth surfaced or equipped with pseudopodic extensions; their nuclei were often rich in heterochromatin, eccentric and horseshoe shaped; and their cytoplasms showed little endoplasmic reticulum and few mitochondria (Fig. 2) . Most cells contained vacuoles of variable size and content, some being completely filled with an electron-dense material, others presenting structures reminiscent of the secretory vesicles of endocrine islet cells (Fig.  2) . In view of the latter ultrastructural resemblance, we examined whether islet hormones were present in the isolated la-positive islet cells.
Double immunofluorescence with rhodamine as label for la-antigens and fluorescein for insulin revealed that >50% of the cells with a membranous la fluorescence produced a distinct cytoplasmic staining for the pancreatic hormone (Fig. 16) ; with a similar technique, glucagon was also found to be present in la-positive islet cells. No immunostaining for insulin or glucagon was noted when the reaction occurred in the presence of an excess of these hormones or when normal guinea pig or rabbit serum was used instead of the pancreatic hormone antibodies. The intracellular occurrence of both hormones was confirmed at the electron-microscopic level. After immunogold labeling on ultrathin sections, both insulin-and glucagon-immunoreactive material was detected in the vacuoles that contained the secretory vesiclelike structures (Fig. 3, A and B) . The gold particles were almost exclusively located in the secretory granulelike inclusions. The insulin immunoreactivity was often associated with crystalline formations (Fig. 3A) , whereas the glucagon immunoreactivity was always located in spherical particles (Fig. 38) . The two pancreatic hormones were encountered within the same vacuole but never within the same granule (Fig. 3C) . The packages of immunoreactive electron-dense material were sometimes surrounded by a discontinuous membrane. In addition to the secretory vesiclelike structures, the vacuoles also contained empty vesicles and fragmented membranes (Fig. 3C) .
DISCUSSION
This study demonstrates how the small percentage of islet cells that express MHC-class II antigen can be purified from the adult rat pancreas. The isolation is based on fluorescence-activated sorting of cells with rhodamine-labeled la antigens. The purified cell fraction is composed of intact cells with a membranous la expression for >80%. Ultrastructurally, the isolated la-positive islet cells do not resemble any of the typical endocrine islet cell types, which agrees with in situ observations in the normal rat pancreas (13, 14) ; rather, they present the morphologic features of monocytic cells from myeloid origin. However, it cannot be concluded from the electron micrographs whether they correspond to phagocytic macrophages or antigen-presenting dendritic cells, because this classification requires further histochemical, functional, and immunochemical analyses (20) . That the two cell types may be present has been suggested by earlier work on intact islet tissue (11, [13] [14] [15] . The availability of purified la-positive islet cells can bring conclusive evidence after a systematic assessment of the typical and differentiating features of both cell types.
Our observations led us to attribute phagocytotic properties to most la-positive islet cells that were characterized by the presence of vacuoles that contained partially digested secretory vesicles from endocrine islet cells. Both insulinand glucagon-immunoreactive material was found to be accumulated in vacuoles of varying size and composition. The hormonal products were packed in granulelike structures and were often surrounded by a discontinuous membrane as if the cells had ingested entire secretory vesicles from disrupted endocrine islet cells. The hormone-containing vacuoles were also filled with empty-looking vesicles, disrupted membranes, and atypical fragmented material, which can be further signs of phagocytotic activity or may reflect intracellular digestive processes. Although these vacuoles have not yet been defined for their enzymatic properties, we suggest that they mark the macrophagic nature of islet cells with class II antigen expression. The presence of both insulinand glucagon-immunoreactive granules within the same vacuole makes it highly unlikely that these cells correspond to a subpopulation of endocrine a-or p-cells with autophagocytic activity.
Granulelike inclusions have not been described in lapositive islet cells that were examined in situ (13, 14) . They have probably been ingested from dead cells and cellular debris produced during the isolation procedure. Our findings should therefore not be considered an indication that laexpressing islet cells incorporate pancreatic hormones under physiologic circumstances, but they provide instead an argument for attributing to these cells the ability of phagocytosing fragments from damaged endocrine cells. When extrapolated to the in vivo situation, these observations may indicate that insulin-containing myeloid cells can occur in islets with an ongoing p-cell destruction. Therefore, not all insulin-positive cells in the pancreas of newly diagnosed type I diabetic patients necessarily correspond to pancreatic pcells, particularly when they also express class II antigens. Additional cell markers will have to be used to distinguish, without doubt, phagocytosing cells with insulin-containing vacuoles from pancreatic p-cells that were stimulated to express class II antigens (21) .
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